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(57) Abstract 

A vehicle control unit (10) estimates a temperature 
of a vehicle's battery (50) including the temperature of 
each of tnt battery's plurality of cells. The control unit 
(10) includes a memory unit (20) having stored therein 
heat transfer coefficients of three types. The first type 
is representative of heat transfer between the cells of 
the battery; the second type is representative of heat 
transfer between the surrounding air and the middle cells 
of the battery; and the third type is representative of heat 
transfer between the suirouruling air temperature and the 
end cells of the battery. A microprocessor (15) retrieves 
the heat transfer coefficients from the memory unit (20) 
and detennines individual cell temperatures of the battery 
based on the heat transfer coefficients, temperature of the 
ambient air (30). and drive state of the vehicle (40X 
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METHOD AND APPARATUS FOR PREDICTING BATTERY 

TEMPERATURE 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The Invention relates to a method for predicting battery temperatures, 
and more particularly to a method with which it is possible to estimate with a 
high degree of accuracy, the temperature of a battery. The method involves 
determining individual battery cell temperatures and an average battery 
5 tenperature based on heat transfer coefficients which are dependent on and 
derivable from measured data such as ambient air temperatures, 
environmental/external factors, and battery cell temperatures. 

2. Description of the Related Art 

Until recently, the temperature of batteries had not really been 

10 considered in battery or vehicle designs. However, the increased emphasis on 
achieving tighter emission standards has resulted in hotter underhood 
temperatures and higher energy density batteries. As a result, variations in 
battery temperature have become much more pronounced. 

It is well known that a battery's charging characteristics are dependent 

15 upon the temperature of the battery and, in particular, that there are optimal 
charging voltage levels associated with different battery temperatures. When 
the variations in battery temperature are large as in motor vehicles, the 
charging characteristics of the battery need to be adjusted accordingly. Some 
of the problems encountered when a battery is charged at voltages poorly 

20 suited for the battery temperature include shortened battery life, low charge 
levels, and. in some cases, battery damage. 

To properly charge a battery, the voltage at which the battery is charged 
should be based upon the temperature of the battery. Additionally, when 
battery temperature is used as a guide for determining the charge voltage of 

25 a battery, a. method or apparatus must be provided to supply a relatively 
accurate representation of the battery temperature. 
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In addition to the problem of determining an optimum voltage at which 
a battery should be charged for a given temperature, economic constraints 
have forced vehicle manufacturers to reduce the number of sensors used in a 
vehicle where possible. Thus, in some situations, a temperature sensor at the 
5 battery for providing actual battery temperature data will not be available. 
Accordingly, it would be advantageous if the temperature of a vehicle battery 
could be determined or estimated without requiring a separate temperature 
sensor at the battery. Further, it would be advantageous to use the data from 
a preexisting sensor in a vehicle to estimate the battery temperature. 
10 One problem encountered when attempting to estimate battery 

temperatures based upon temperatures sensed at a temperature sensor 
disassociated with the battery, Is that many modern automobiles have 
underhood temperatures which are extremely dynamic within a large 
temperature range. Factors which attribute to this dynamic behavior of modern 
1 5 automobiles are hotter running engines, low profile and aerodynamic front end 
styles, electric radiator fans and more compact underhood designs. For 
example, the temperature at a voltage regulator is a poor estimate of battery 
temperature since the voltage regulator has a lower thermal mass than the 
battery and will have a temperature which follows underhood temperatures 
20 much closer than that of the battery. 

In U.S. Patent No. 5,079.71 6 issued on January 7. 1992 to the assignee 
of the instant application, a method and an apparatus for estimating the 
temperature of a vehicle battery is disclosed. In this method and apparatus, 
the estimated battery temperature is a function of a reference temperature 
25 which is sensed from one or more temperature sensors located apart from the 
battery and a group of coefficients which are based on empirical data. These 
coefficients are tailored for a specific vehicle, and are compiled by operating the 
vehicle to periodically sample and store the vehicle speed, the reference 
temperatures, the actual battery temperature, and the elapsed time between the 
30 samplings. Based upon the estimated battery temperature, a control unit 
controls the voltage at which the vehicle battery is charged. A limitation of this 
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method and apparatus is that a plurality of temperature sensors are required 
to be arranged at different locations around the battery. Further, the accuracy 
of the temperature estimation is limited, because this method and the 
apparatus does not account for variations in temperatures of the individual cells 
5 of the battery and the coefficients are only applicable for the specific vehicle 
design. 

A battery temperature prediction method which accounts for variations 
in the temperature changes of the individual cells in a battery and which does 
not require a plurality of temperature sensors arranged around the battery 
1 0 would represent a substantial advance in this art. 

SUMMARY OF THE INVENTION 
An object of the invention is to provide a method of predicting battery 
temperatures with a high degree of accuracy by estimating battery cell 
temperatures based on the air temperature, and heat transfer coefficients and 
15 multipliers determined from empirical data. 

Another object of the invention is to provide a battery temperature 
predicting apparatus having a microprocessor unit for carrying out the above 
method for predicting battery temperatures. 

The above objects are accomplished with an apparatus for predicting the 
20 temperature of a vehicle battery having a plurality of cells. The apparatus 
includes a memory unit having stored therein heat transfer coefficients of three 
types. The first type is representative of heat transfer between the cells of the 
battery; the second type is representative of heat transfer between the 
surrounding air and the middle cells of the battery; and the third type is 
25 representative of heat transfer between the surrounding air and the end cells 
of the battery. A microprocessor retrieves the heat transfer coefficients from 
the memory unit and determines individual cell temperatures of the battery 
based on the heat transfer coefficients, temperature of the ambient air, and 
external forces such as the drive state of the vehicle. 
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Additional objects and advantages of the invention will be set forth in the 
description which follows. The objects and advantages of the invention may 
be realized and obtained by means of the instrumentalities and combinations 
particularly pointed out in the appended claims. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is described in detail herein with reference to the drawings 
in which: 

Figure 1 Is a schematic diagram showing the components of the battery 
temperature predicting apparatus according to the invention. 
1 0 Figure 2 is a flowchart showing the steps used to derive the coefficients 

used by the temperature predicting apparatus according to the invention. 

Figure 3 is a flowchart showing the steps used in the method according 
to the invention for predicting a temperature of a vehicle battery. 

Figure 4 Is a graphical comparison of the predicted battery temperature 
15 with the actual battery temperature. 

Figure 5 is a graphical representation of the battery temperature 

prediction error. 

Figure 6 is a graphical comparison of the actual battery temperatures 
(Actual), battery temperatures predicted from actual air temperature data 
20 (Predicted) and battery temperatures predicted from simulated air temperature 
data (Simulated). 

Figure 7 is a graphical representation of battery temperature variations 
predicted for Battery Systems 1 and 2. 

Figure 8 is a graphical representation of actual battery temperature 
25 variations of Battery Systems 1 and 2 under the same conditions as in Figure 
7. 

Figure 9 is a graphical representation of battery temperature variations 
predicted for Battery Systems 1 and 2 under conditions different from that of 
Figure 7. 
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Figure 10 is a graphical comparison of actual battery temperature 
variations of Battery Systems 1 and 2 under the same conditions as in Figure 
9. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 Figure 1 is a schematic diagram showing the components of the battery 

temperature predicting apparatus according to the invention. The apparatus 
includes a vehicle control unit 10. a temperature sensor 30 and a drive state 
determining unit 40 which categorizes the external forces into a drive state 
among a preselected set. The selection may be manual or automatic and is 

10 based on a combination of various external factors, i.e. location of the battery 
in the engine compartment, the load on the engine, vehicle design, vehicle 
speed (city/highway driving), etc. The temperature sensor 30 generates an 
electrical signal in proportion to the temperature variations of the ambient air 
surrounding the vehicle battery which is indicated as 50 in Figure 1, and 

15 transmits the electrical signal to the vehicle control unit 10. The drive state 
determining unit 40 generates an electrical signal corresponding to the drive 
state selection, and transmits the electrical signal to the vehicle control unit 10. 

The vehicle control unit 1 0 includes a processing unit 1 5 having a central 
processor unit (CPU) 15a, a buffer memory 15b, and an internal clock (not 

20 shown). The vehicle control unit also includes a main memory unit 20. The 
main memory unit 20 is divided into a plurality of segments and has stored 
therein four types of heat coefficients, multipliers, and the current estimated cell 
temperatures of the vehicle battery, all of which will be described hereinafter. 
Preferably, the vehicle control unit 10 transmits the current cell temperatures. 

25 and an average value of the current cell temperatures to an external display 
device 60. 

The four types of heat coefficients represent the following: cell to cell 
(Hi), air to mid-cell (Ho), air to end-cell (He), and cell to thermocouple (Ht). A 
multiplier is cross-referenced in the main memory unit 20 with the determined 
30 drive state. 
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The heat coefficients and the set of multipliers are derived using a third 
order model of the temperature variations of the vehicle battery 50 which 
assumes that the vehicle battery 50 is symmetrical, has six cells, two of which 
are end cells. This model breaks each cell into two masses, each mass has 
an infinite internal heat transfer rate. The first mass consists of a majority of the 
heat capacity and includes all six surfaces of the cell. The second mass 
consists of a negligible heat capacity and includes the thermocouple. This 
model accounts for the heat transfer between the air to cell, cell to cell, and cell 
to thermocouple. 

The two end cells are treated differently than the mid-cells due to the 
additional heat capacity of the posts and additional surface area exposed to the 
air. The resulting equations consist of three parts: 

1) The old cell temperature. 

2) The additional heat passed to it from the air in the time span of 
Et. 

3) The additional heat passed to it from neighboring cells in the time 
span Et. 

The resulting equations* referenced as Equation Set (1), are: 
c1t = Ic1t + Et*(He*(Ta-lc1t) + Hi*(lc2t-lc1t)) 
c2t = Ic2t + Et*(Ho*(Ta-lc2t) + Hi*{lc3t -»- Ic1t-2*lc2t)) 
c3t = 1c3t + Et*(Ho*(Ta-lc3t) + Hi*(lc4t + Ic2t-2*lc3t)) 
c4t = Ic4t + Et*(Ho*(Ta-lc4t) + Hl*(lc5t + Ic3t-2*lc4t)) 
est = Ic5t + Et*(Ho*(Ta-lc5t) + Hi*(lc6t + Ic4t-2*lc5t)) 
cet = Ic6t + Et*(He*(Ta.|c6t) + Hi*(lc5t-lcet)) 

where: 

cXt = New cell X temperature 

IcXt = Old cell X temperature 

Hi = Intercell heat transfer coefficient (cell to cell) 

Ho = Mid-cell hieat transfer coefficient (air to middle cell) 
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He = End-cell heat transfer coefficient (air to end cell) 
Et = Elapsed time between old and new 
Ta = Air temperature 



After determining the individual cell temperatures, the thermocouple 
5 temperatures are then determined. The following equation, referenced as 
Equation Set (2). is used to accomplish this: 

cXtt = IcXtt -f Et * (Ht * (IcXt . IcXtt) 

where: 

cXtt = New cell X thermocouple temperature 
10 IcXtt = Old cell X thermocouple temperature 

Ht = Thermocouple heat transfer coefficient 

The internal heat transfer coefficient (Hi) and the thermocouple heat 
transfer coefficient (Ht) are empirically derived for a given battery design, while 
the end and mid cell heat transfer coefficients (Ho and He) are derived for a 

15 given battery system, (i.e. standard, shielded, insulated, etc.). 

As discussed earlier, the different drive cycles and underhood designs 
are handled with a fifth variable, a multiplier. The end and mid cell heat transfer 
coefficients (Ho and He) are multiplied by a multiplier corresponding to each 
of the various drive states which account for the different heat transfer rates 

20 between the air and the battery, due to varying levels of forced convection. For 
example, if two drive modes are being studied, there will be one multiplier 
accounting for the increased heat transfer rate associated with a vehicle which 
is moving versus the heat transfer rate associated with a vehicle which is idle. 
Figure 2 illustrates in a flowchart the procedure used to derive the heat 

25 transfer coefficients and the set of multipliers used by the temperature 
predicting apparatus according to the invention. Preferably, this procedure is 
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fully automated using a programmed microprocessor. The heat transfer 
coefficients and multipliers are empirically derived based on test data which 
include individual cell temperatures, air temperature, drive state mode, and 
elapsed time. 

5 The procedure for deriving the heat transfer coefficients essentially is 

initiated by assuming a set of values for He. Ho. Hi. Ht, and a multiplier. M 
(Step 110). Next, the actual cell temperatures (To) are measured (Step 120) 
and are used to initialize the estimated cell temperatures (Te) (Step 130). After 
an elapsed time of Et. the air temperature (Ta) is measured and the actual cell 
1 0 temperatures (To") are measured again (Step 1 40) . A new set of estimated cell 
temperatures (Te*) is then predicted using Equation Set (1), based on the 
assumed heat transfer coefficients and the multiplier, the air temperature (Ta). 
the elapsed time between samples (Et). and the previous set of estimated cell 
temperatures (Te) (Step 150). The difference between the actual cell 
15 temperatures (To') and the predicted cell temperatures (Te') is squared and 
summed to give the error (Step 160). Steps 110-160 are repeated for larger 
and smaller assumed values of one of He. Ho. Hi. Ht. and M (Step 170) and 
compared. The assumed value which yields the smallest squared sum Is 
selected as the derived value (Step 180). Steps 110-180 are repeated for each 
20 one of He. Ho. Hi. Ht. and M (Step 190) until the squared sum of varied values 
no longer results in a smaller square sum than the assumed values. 

Preferably, the above process should be conducted under several 
varying conditions for a given battery design. Since Ht and Hi are constant for 
a given battery design, the values for Ht and Hi determined under the different 
25 conditions can be averaged and used to determine the multiplier. Ho. and He. 

The Ho and He heat transfer coefficients are constant for a given battery 
system, while the multipliers change in accordance with the drive states and 
underhood design. If more than one test is run for a given battery system, the 
Ho and He heat transfer coefficients can also be averaged to be representative 
30 of the given battery system. 
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Once the heat transfer coefficients and the set of multipliers are derived, 
individual cell temperatures of the vehicle battery can be predicted. Figure 3 
illustrates in a flowchart the method according to the invention for predicting a 
temperature of a vehicle battery. Initially, the derived heat transfer coefficients 
5 and the set of multipliers are stored in a memory unit (Step 210). Next, air 
temperature is measured (Step 220) and the drive state of the vehicle is 
determined (Step 225). Results of both are transmitted to the microprocessor. 
Upon receipt of the results, the microprocessor retrieves a multiplier 
corresponding to the drive state of the vehicle, estimates the time elapsed since 

1 0 the previous prediction, and estimates the cell temperatures using the Equation 
Set (1). in accordance with the air temperature, the elapsed time, the heat 
transfer coefficients, and the multiplier (Step 230). The results are stored In the 
memory (Step 240) and then transmitted to an external output device, e.g. 
display, printer, etc, (Step 250). 

1 5 Optionally, a thermocouple temperature for each cell may be determined 

using Equatipn Set (2). in accordance with the previous thermocouple 
temperature, the thermocouple heat transfer coefficient and the elapsed time 
(Step 235). 

Preferably, Steps 220-240 should be repeated at periodic intervals (Et) 
20 and the temperatures of the individual cells estimated at each Step 230. The 
estimated cell temperatures can then be stored in the main memory unit 20 of 
the vehicle control unit 10 for future use. 

When the vehicle control unit 10 is first used, e.g. when the automobile 
carrying the battery 50 is started, the battery cell temperatures are initialized at 
25 Ta, the measured temperature of the air surrounding the battery 50. It is 
assumed here that the temperature of the battery cells has stabilized to be 
similar to the surrounding air temperature. 

Alternatively, Equation (1) may be used to estimate the battery cell 
temperatures even when the automobile ignition is turned OFF. In this case, 
30 the drive state corresponding to the ignition OFF condition is selected and the 
multiplier corresponding to this selected drive state Is retrieved. 
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10 



15 



20 



25 



30 



^cample 

The testing and analysis lias been performed on a single vehicle battery 
design for various drive cycles and battery systems. Although the testing and 
analysis was done for only one particular design of a battery, the concepts 
learned from the testing and analysis are extendable to other battery designs. 
Testing was performed in an oven which was capable of simulating different 
drive cycles. The heat transfer coefficients were determined for all the tests and 
tabulated in Table 1 below. 
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An average thermocouple heat transfer coefficient, Ht, was determined 
and then used in calculating an average internal heat transfer coefficient, Hi. 
The multiplier value was dependent upon which side of the oven the battery 
was located and whether the battery was on the oven grid or in a battery tray. 
5 The different locations within the oven represent slightly varying underhood 
designs. The tests were grouped together based upon which configuration 
was used during the test and average values for the multipliers were 
determined for each configuration. 

The resulting heat transfer coefficients were then used to predict the 

1 0 average battery and individual battery cell temperatures using the actual oven 
ambient temperature as the air temperature. The resulting battery 
temperature prediction compared with the actual recorded battery 
temperature is shown in Figure 4. The difference between the actual and 
predicted battery temperatures is graphed and shown in Figure 5. which 

15 shows in detail the error associated in determining the heat transfer 
coefficients. As seen in this example, average battery temperature was on 
average within 1 °F of the actual recorded battery temperature. An 
improvement over the prediction error of 1 °F is not expected since this figure 
is also the approximate accuracy of the data acquisition equipment used 

20 during the tests. 

The tool was expanded one step further to create an algorithm tool 
which would predict the oven temperature for various 24 hour cycles and 
allow for validation of the temperature predicting method according to the 
invention. The tool was designed to allow freedom in selecting four 

25 characteristics: 

1) Number of cycles per day 

2) Length of running period 

3) Oven set-point temperature 

4) Time between consecutive cycles 



wo 97A34133 



PCT/US97/03652 



12 

The cool down rate was converted to equation form using empirical 
data to estimate oven temperatures and approximates tlie actual oven 
temperatures to witliin several degrees. A better method can be developed 
should it be deemed necessary, however, this simple algorithm is sufficient for 

5 validation purposes. 

The battery temperatures were then estimated using the calculated heat 
transfer coefficients and the predicted oven temperatures. The resulting 
battery temperature compared to the actual battery temperature and predicted 
battery temperature Is shown in Figure 6. In this graph, the actual battery 
10 temperature represents the average of the six individual measured cell 
temperatures, the predicted battery temperature represents the estimate of the 
battery temperature using the measured ambient air temperature and drive 
state, while the simulated battery temperature represents the estimate of the 
battery temperature using the estimated ambient air temperature and given 
1 5 drive cycle. Variations found in the simulated battery temperature are due to 
the combined errors in estimating the oven temperature and determining the 
appropriate heat transfer coefficients. 

The magnitude of the battery temperature prediction errors associated 
with the estimate of the oven temperature and that associated with the 
20 estimate of the heat transfer coefficients and multipliers is shown graphically 
in Figure 6. The "Actual" cun/e represents the measured battery temperature: 
the "Predicted" curve represents the predicted battery temperature based on 
the measured oven temperature; and the "Simulated" curve represents the 
predicted battery temperature based on the simulated oven temperature. The 
25 error associated with the estimate of the oven temperature, in this example, 

is approximately 0.5%. 

With these tools, rt was then possible to simulate and validate the 
temperature predicting method according to the invention in its entirety. 
Figures 7-10 show the validation results for Battery Systems 1 and 2. Battery 
30 system 1 represents a battery which is unmodified from the manufacturer 
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whereas Battery System 2 represents a battery which is insulated with 3/8 inch 
thick foam insulation around all 4 sides and the bottom. 

In the test corresponding to Figures 7 and 8, the oven was 
programmed to run at 222 '^F for 20 minutes, every four hours, 5 times a day. 
5 The heat transfer coefficients were determined from the actual tests as 
described above. The simulation results are shown on Figure 7 while the 
actual test data is shown on Figure 8. As shown, the simulation estimated 
actual battery temperatures to within approximately 0.5%. 

Figures 9 and 10 correspond to a different test which was simulated 

10 using the same heat transfer coefficients as used above. This test was run 
at a lower temperature and with less cycles in order to increase battery life. 
In this simulation, the oven was programmed to run at 197 °F for 20 minutes, 
every four hours, 3 times a day. The simulation results are shown on Figure 
9, while the actual test results are shown on Figure 10. In this case, the error 

15 is slightly higher, but not significantly higher. The variance found in this 
simulation are primarily a result from the error in estimating oven 
temperatures. 

Oven test results have shown that battery temperature response is very 
sensitive to battery placement. This is due to the oven design, particularly 

20 how the heating element and circulation fan are placed. This problem is 
compounded, due to the relative size of the oven interior to the volume of the 
two batteries. A larger oven would allow for more uniform circulation of the 
air and more uniform heat distribution. 

The temperature prediction tool is expandable in that more multipliers 

25 could be added to represent additional drive states. The underhood 
temperature prediction tool will require a similar expansion if simulation of 
varying drive cycles were required. This underhood temperature prediction 
tool expansion will require modeling the underhood environment for varying 
drive cycles and ambient conditions. 

30 While a method for predicting battery temperatures for underhood 

vehicle batteries is proposed, it should be recognized that this method is 
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applicable in predicting battery temperatures in marine, R.V., aircraft. UPS. etc. 
applications 

While particular embodiments according to the invention have been 
illustrated and described above, it will be dear that the invention can take a 
variety of forms and embodiments within the scope of the appended claims. 
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We Claim : 

1 1 . A microprocessor-implemented method of predicting a temperature of 
a battery having a plurality of cells, said method comprising the steps of: 

(a) determining heat transfer coefficients of three types for said 
5 battery, a first of said three types being representative of heat transfer 

between the cells of said battery; 

(b) storing said heat transfer coefficients in a memory segment; 

(c) retrieving said heat transfer coefficients from said memory 
segment; and 

10 (d) approximating individual cell temperatures based on said heat 

transfer coefficients, 

2. The method of claim 1 , further comprising the steps of: 

(e) storing the approximated individual cell temperatures in another 
memory segment; 

1 5 (f) retrieving the approximated individual cell temperatures from said 

another memory segment; and 

(g) approximating another set of individual cell temperatures based 
on said heat transfer coefficients and said approximated individual cell 
temperatures. 

20 3. The method of claim 2, vyherein the steps of approximating individual 
cell temperatures further includes the step of estimating a temperature of said 
battery based on an average of said approximated individual cell 
temperatures. 

4. The method of claim 1, further comprising the step of measuring a 
25 current air temperature, wherein the step of approximating individual cell 
temperatures is also based on said current air temperature. 
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5. The method of claim 4. wherein said plurality of cells include at least 
one middle cell and two end cells. 

6. The method of claim 5. wherein a second of said three types is 
representative of heat transfer between air surrounding said vehicle battery 

5 and a middle cell. 

7. The method of claim 6. wherein a third of said three types is 
representative of heat transfer between the air surrounding said vehicle 
battery and said end cells. 

8. The method of claim 7. further comprising the steps of: 

(e) storing the approximated individual cell temperatures in another 

memory segment; 

(f) retrievingthe approximated individual cell temperatures from said 

another memory segment: a 

(g) approximating another set of individual cell temperatures based 
15 on said heat transfer coefficients and said approximated Individual cell 

temperatures. 

9. The method of claim 8. wherein the steps of approximating individual 
cell temperatures further includes the step of estimating a temperature of said 
battery based on an average of said approximated individual cell 

20 temperatures. 

10. The method of claim 1 . wherein the step of determining also includes 
the step of determining a set of multipliers for one of said three types of heat 
transfer coefficients, said multipliers corresponding to different external factors 
of said battery. 
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1 1 . The method of claim 1 0, further comprising the step of determining said 
external factors of said battery and a multiplier among said set of multipliers 
which corresponds to said external factors of said battery, wherein the step 
of approximating individual cell temperatures is also based on said multiplier. 

5 12. A method of Claim 11 wherein said battery is loaded in a moveable 
vehicle. 

13. A method of Claim 1 2 wherein said external factors include a drive state 
of said vehicle. 

14. A method of Claim 11 wherein said battery is located in a stationery 
10 housing. 

15. A method, implemented in a control unit, of predicting a temperature 
of a battery having a plurality of cells, said method comprising the steps of: 

(a) providing, in a storage device of said control unit, (i) heat 
transfer coefficients of three types for said battery, a first of said three types 

15 being representative of heat transfer between the cells of said battery, (ii) a 
set of multipliers for one of said three types of heat transfer coefficients, said 
multipliers corresponding to different external factors of said battery, and (iii) 
an initial set of individual cell temperatures; 

(b) measuring a current air temperature; 

20 (c) determining the external forces of said battery and a multiplier 

among said set of multipliers which corresponds to said external forces state 
of said battery; 

(d) approximating a subsequent set of individual cell temperatures 
based on said heat transfer coefficients, said current air temperature, said 

25 multiplier, and said initial set of individual cell temperatures; and 

(e) estimating the temperature of said battery based on an average 
of said individual cell temperatures. 
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16. The method of claim 15, wherein said plurality of cells include at least 
one middle cell and two end cells. 

17. The method of claim 16, wherein a second of said three types is 
representative of heat transfer between air surrounding said battery and a 

5 middle cell and a third of said three types is representative of heat transfer 
between the air surrounding said battery and said end cells. 

18. The method of Claim 17 wherein said battery is located in a moveable 
vehicle. 

1 9. The method of Claim 1 7 wherein said battery is located in a stationary 
10 housing. 

20. A vehicle control unit which predicts a temperature of a battery of a 
vehicle having a plurality of cells comprising: 

a memory unit having stored therein heat transfer coefficients of three 
types, a first of said three types being representative of heat transfer between 
15 the cells of said battery; and 

a central processor which retrieves said heat transfer coefficients from 
said memory unit and determines individual cell temperatures of said battery 
based on said heat transfer coefficients. 

21 . The vehicle control unit of claim 20, further comprising a temperature 
20 sensor providing said microprocessor unit with a current air temperature. 

wherein said central processor determines said individual cell temperatures 
based also on said current air temperature. 

22. The vehicle control unit of claim 21 , wherein said microprocessor unit 
also determines a temperature of said vehicle battery based on an average 

25 of said individual cell temperatures. 
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23. The vehicle control unit of claim 22. wherein: 

said plurality of cells include at least one middle cell and two end cells, 
a second of said three types is representative of heat transfer between 

air surrounding said vehicle battery and a middle cell, and 
5 a third of said three types is representative of heat transfer between the 

air surrounding said vehicle battery and said end cells. 

24. The vehicle control unit of claim 23. further comprising a drive state 
sensor which determines a current drive state of said vehicle, wherein said 
microprocessor unit determines a temperature of said vehicle battery based 

10 also said current drive state. 

25. The vehicle control unit of claim 24. wherein said memory unit also has 
stored therein a set of multipliers for one of said three types of heat transfer 
coefficients, said multipliers being cross-referenced with different drive states 
of said vehicle, and wherein said microprocessor determines a temperature 

15 of said individual cell temperatures based on said heat transfer coefficients, 
said current air temperature, and a multiplier among said set of multipliers 
which correspond to said current drive state. 
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